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The diameter of the draft tube at entrance should be the same as that
of the runner to avoid all shock at this point. By curving the tube so as
to discharge in the direction of flow in the tail race, the kinetic energy of
its discharge is partially utilized in assisting this flow, and is not entirely
wasted.
The draft tube may be either of steel-plate or cast-iron construction,
or may be moulded in the concrete substructure. The latter arrangement,
if not ruled out on the ground of expense, is preferable, since it enables any
desirable form of cross section to be adopted, whereas with a steel-plate
construction the conical circular form is almost essential. With a moulded
draft tube, a form such as fig. 14, which enables a comparatively shallow tail
race to be used, presents no difficulties.
With a horizontal shaft unit, the turbine shaft passes through the draft
tube, and a stuffing box is necessary to prevent air leakage into the tube.
Air-tightness may be assured by means of a water seal consisting of a chamber
surrounding the shaft, and supplied with pressure water from the penstock
through a mall pipe.
Hydraulics of the Reaction Turbine.—The space available renders
it impossible to do more than touch on the general principles on which the
hydraulic design of the reaction turbine is based.*
In the following discussion let
co = angular velocity of the runner in radians per second,
co = 27rN -~ 60 where N = revolutions per minute,
u = cor = velocity of wheel at point indicated by a suffix,
v = absolute velocity of water,
w = tangential component of v,
f = radial component of v,
<vr = relative velocity of water and vane,
a = guide vane angle (fig. 15),
/3 = wheel vane angle at entrance,
y = wheel vane angle at exit,
Q = flow in cubic feet per second,
W = weight of i c. ft. of water,
suffix (2) refer to inlet to wheel vanes,
?>     (3) refer to exit from wheel vanes.
For entry without shock, the direction of the relative velocity of water and
vane at entrance to the wheel is to be parallel to the vane tips, and a con-
sideration of the diagram of velocities (fig. 15) shows that if the angles are
correctly proportioned:
t	*.	/	\ ^    r>	I        tana\
/2 =  w2 tana =-  (w2 — w2) tan/3;  /. u2 = w2( i —	~).
\        tan/5/
/s = («s — tt>s) tanr-
2*V = /a cosec/3; %vr = /3 cosecy.
*For further information the reader is referred to some such book as that of Gelpke
and van Cleeve, Turbines and Turbine Installations.

